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Description
Students will work in groups to develop a causal loop diagram (CLD) to illustrate the
structure and expected behavior of a given system to facilitate qualitative discussion of
expected outcomes of a proposed water management strategy. This activity requires
familiarity with systems thinking and system dynamics modeling. CLDs are introduced as a
fundamental systems thinking tool for conceptual modeling.
Objective
-

Draw a simple CLD as means of conceptualizing the structure of a hypothetical
system
Use the CLD to discuss potential long-term behavior of the system

Suggested reading
Mirchi, A., Madani, K., Watkins, Jr., D.W., Ahmad, S., (2012). Synthesis of system dynamics
tools for holistic conceptualization of water resources problems. Water Resources
Management 26(9), 2421-2442.
Simonovic SP (2009) Managing water resources: methods and tools for a systems
approach. UNESCO, Paris and Earthscan James & James, London, pp. 229-313.
Additional reading
Sterman JD (2000) Business dynamics, systems thinking and modeling for a complex
world. McGraw-Hill, Boston, pp.135-168.
Problem Narrative
Nevizona is a fictional water-short state located in the western US. Residents of
Desertsville, Nevizona’s capital city, have been fortunate enough to enjoy lush irrigated
lawn and green urban landscape. They have not had to deal with the rampant regional
water shortage thanks to the city’s water managers’ timely increase of water supply over
time to meet the growing water demand. The water supply has been increased by water
withdrawal from the Nevizona River, which runs through the city, as well as from
groundwater. As such, the life style in Desertsville, and job opportunities the city offers have
always been envied by people living in the neighboring water-short cities and states,
encouraging them to move to the area, which has been increasing Desertsville’s population.
In other words, the area has had continuous socio-economic development.
Recently, however, signs of severe water shortage and associated public discontent are
cropping up. The Nevizona River has been frequently drying up for extended periods of time
and the city has nearly exhausted its groundwater resources. The city managers have
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proposed a grand master development plan for inter-basin water transfer to boost
Desertsville’s agricultural and industrial production, while significantly reducing the
emerging water scarcity, improving the quality of life, and maintaining economic stability.
Inter-basin water transfer is the practice of moving water from water-abundant or donor river
basins to water-short or recipient river basins using water conveyance structures to
increase water availability. Proponents of the plan argue that it will solve the water shortage
problem and will save aquatic habitats provided by an ecologically important marsh
downstream of the City of Desertsville. The marsh has started to decline because of not
receiving its required inflow.
Your team is tasked with qualitative analysis of the proposed inter-basin water transfer plan.
Develop a causal loop diagram to illustrate the system structure governing Desertsville’s
water shortage problem and qualitatively evaluate the advantages and disadvantages of the
plan. Do you consider the plan to be sustainable? Do you have any recommendations for
revising/improving the plan?
Here are some tips for CLD development:
-

Identify the complete system based on the given problem statement, which provides
key elements of the problematic system structure, as well as a proposed policy to
address the problem.

-

Think of the elements in a CLD as clearly-defined variables which can go up or down
even if you cannot readily assign a quantitative value to them.

-

Use nouns or noun phrases for the elements, and represent positive or negative
relationships by the links (arrows), showing type and direction of causal relationship.

-

Think about possible short-term and long-term social, economic, and environmental
side-effects as you add elements and links to the CLD and decide if additional
system elements and links should be added.

-

Identify sets of system elements and links that create feedback loops.

-

Only include the most important details to keep the CLD simple while adequately
representing the system structure.

-

The title of the CLD should be representative of the system, including description of
features that occur within the boundaries of the system only.
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Activity- CLD Drawing Solution Handout
Develop a causal loop diagram to illustrate the system structure governing Desertsville’s
water shortage problem and qualitatively evaluate the advantages and disadvantages of
the plan.
Identifying key system elements of Desertsville’s water shortage problem
Nevizona is a fictional water-short state located in the western US. Residents of
Desertsville, Nevizona’s capital city, have been fortunate enough to enjoy lush irrigated
lawn and green urban landscape. They have not had to deal with the rampant regional
water shortage thanks to the city’s water managers’ timely increase of water supply
over time to meet the growing water

demand. The water supply has been increased by

water withdrawal from the Nevizona River, which runs through the city, as well as from
groundwater. As such, the life style in Desertsville, and job opportunities the city offers have
always been envied by people living in the neighboring water-short cities and states,
encouraging them to move to the area, which has been increasing Desertsville’s population.
In other words, the area has had continuous socio-economic development.
Recently, however, signs of severe water shortage and associated public discontent
are cropping up. The Nevizona River has been frequently drying up for extended periods of
time and the city has nearly exhausted its groundwater resources. The city managers have
proposed a grand master development plan for inter-basin water transfer to boost
Desertsville’s agricultural and industrial production, while significantly reducing the
emerging water scarcity, improving the quality of life, and maintaining economic stability.
Inter-basin water transfer is the practice of moving water from water-abundant or donor river
basins to water-short or recipient river basins using water conveyance structures to
increase water availability. Proponents of the plan argue that it will solve the water shortage
problem and will save aquatic habitats provided by an ecologically important marsh
downstream of the City of Desertsville. The marsh has started to decline because of not

receiving its required inflow.
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Drawing the CLD based on the narrative: Water shortage triggers water withdrawal
(positive link) from surface and groundwater resources to increase water supply
(positive link), reducing water shortage (negative link). Additional water supply provides
water resources for continued socio-economic development (positive link), in turn,
increasing water use (positive link). As water use increases, signs of water shortage
reappear (positive link). Increased water supply drives socio-economic development
(e.g., population increase, agricultural, industrial and urban employment opportunities,
etc.), albeit not immediately. Withdrawing water for human use leaves little water for the
aquatic habitat (negative link). Water shortage creates a necessity to implement interbasin water transfer projects (positive link) in order to increase water supply (positive
link).

CLD of Desertsville’s water scarcity problem
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CLD of Desertsville’s water scarcity problem including the proposed inter-basin water
transfer plan

Do you consider the plan to be sustainable? Do you have any recommendations for
revising/improving the plan?
The plan will likely address the water shortage problem for a while. However, the socioeconomic development that is made possible by providing additional water resources
will activate the reinforcing loops that will ultimately increase the water demand.
Therefore, it is reasonable to expect that the water shortage problem will reappear,
perhaps in an exacerbated form, unless supplementary land management and socioeconomic development policies are adopted. Furthermore, as the region’s water
demand increases with time, the surface water withdrawal may cause the Marsh’s
inflow to decrease unless it is given regulatory priority.

